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On page 454 we give an interesting letter from G. J. Symons, 
Esq., the well known and most eminent authority on British 
rainfall, and in order that the inthence of the wind on the 
catch of the gage may be more fully appreciated, we reprint 
the greater part of a study of the subject made by the Editor 

Society of Washington, November 84, 1885. Bom0 portions 
were published in the American Meteorological Journal in 
1889-90, vol. VI, pp. 241-248 and in Symons's Meteorological 

the International Meteorological Congress at Paris, Septem- 
her, 1889, Vol. 11, pp. 241-248. It was, however, Dot fully 
published until 1893, when it appeared as an appelldix to 

No. Of the Forestry Division Of the Department Of 
Agriculture. Ae the edition of that bulletin is now exhausted, I 

in 1887. This paper was read in full before the Philosophical 

&Iagazine, vol. xxLv, PP. 130-135, and in the Of 

~~ ~~~ 

orating and healthful. Our summers and autumns are usu- 
ally very pleasant, the summers especially so, and with an 
appreciable absence of those two weeks of continuous and 
debilitating siegesof warmth that one encounters a little fur- 
ther southwest and south. To be sure our winters are long, 
but the cold is steady. The early portion of the spring is 
generally rather unpleasant, but I have experienced fully as 
bad, or worse, elsewhere. 

Average temperature of spring months, 36.7O ; summer, 
62.8O ; autumn, 43.4 ; winter, 14.2O. Average of the warmest 
spring, 44.4 ; warmest summer, 67.2O ; warmest autumn, 47.3O. 
Average.of the coldest spring, 30.9 ; coolest summer, 59.1O ; 
coldest autumn, 39.1O ; coldest winter, 6.2O. Spring months : 
March, April, and May; Summer: June, July, and August; 
Autumn : September, October, and November ; Winter: De- 
cem ber of previous year, January and February following. 

by Fitzgerald, at qhestnuthill, near Boston, but the results are not 

Y ~ & P ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ,  therefore, that abundant observational data are 
hand for the elucidation of the peculiarities of the rain gage, and the 
results that can be deduced from such data command our immediate 
attention. Whatever mystery has hitherto attached to the undoubted 

This phenomenon is of the nature of an error in the rain age depend- 
ing upon the force of the wind that strikes it, and &B will %e seen, now 
that the knowledge of the source of error has been established, the 
method of correcting or preventing it becomes simple. 

It will be remembered that Benjamin Franklin upon reading Heber- 
den's memoir, at once, in 1771, in a lett,er to Perhval explained his re- 1 sults by the hypothesis that falling cold rain drops condense the mois- 
ture the meet with in the warmer lower strata, and that Pliillips, in 
1831, InYependently revived this hypothesis as explaining the increase 
of rainfall. A much truer explanation had been suggested by Meikle, 
in the Annals of Philosophy for 1819, and by Boace (Annals of Philos- 
o hy, I S S ~ ,  to the effect a a t  the deficiency is due to the velocity of 

fact that gages less rain is now away. 

shieldedkage on the Cheviots on the fiat top of B couica~hill 
about 2,000 feet high, by the side of an ordinary gage which 
has been there four or five years; the records will probably 
begin to be published in about two years. 

Greatest number of days in any month, for twenty-six years, 
with minimum temperatures of zero or below: January, 24; 
February, 24; March, 12; November, 8; December, 19. Least 
number of days in any month with minimum temperatures 
of zero or below: January, 3; February, 0; March, 0 ;  No- 
vember, 0; December, 0. 

Greatest number of days in any summer month wi th  maxi- 
mum temperatures of 90" or above: June, 1; July, 6; Au- 

Number of years maximum temperature of 90° or above 
did not occur : June, 22 ; July, 12 : August, 18 ; September, 23. 

The minimum temperature usually falls to 32O or below, 168 
times each year, and to zero and below 41 times. 

Number of actual falls in temperature of 20° or more to 
32O and below, twenty-six years' record : April, 6 times ; May, 
3 ;  September, 0; October, 3. 

gust, 2. 

With regard to the accuracy of rainfall measurements viewed sim ly 
as comparable data, two matters have been studied experimentafi y, 
namely, the size and style of the gage and the altitude above ground. 
With regard to size it is satisfactorily sllown that no error of more than 
1 per cent systematicall attaches to gages of the ordinary forms and 
of diameters anywhere getween 4 and 44 inches. With regard to the 
altitude it must be conceded that for a hundred years it has been 
known in a general way that observations by gages at  various heights 
above the ground are not comparable with each other. The remarka- 
ble influence of altitude was first brought to the attention of the learned 
world by Heberden, who, in a memoir in the transactions of the Royal 
Society of London, in 1769, stated that a ga e on Westminster Abbey 
over 150 feet above the ground caught less t i a n  half as much as a gage 
at the ground. Since his day numerous others have instituted similar 
observations in their respective localities. Usually they have been 
satisfied with observing only one or two elevated gages, but of late 
years, in order to fully elucidate the subject, more elaborate measure- 
ments have been made; thus Phillips and Gray, at York, England, 
have observed at  eight different altitudes including the gage on the 
tower of York Minster. 

Bache, at  Philadelphia, observed four a es on top of a square tower, 
and four others on poles above them; d . k a r d ,  at Calne House, Wilt- 
shire, observed ten pairs of gages at elevatinns of 20 feet or less, each 
pair consisting of an  8-inch and a 6-inch gage; Bates, at Castleton Moor, 
similarly observed ten pairs of gages; Chrimes, at  Rotherham Reser- 
voir, six gages, at elevations of 25 feet or less; (-?) at Hawsker, four 
3-inch gages, at altitudes of 10 feet or lees; Wild, at St. Petemburg, sir 
10-inch gages, at altitudes of 5 meters or less, and one at an altitude of 

I .- 
mouth of tlie age. Thia esplanrtion had, however, been i lso quite 
clearly pointei out by Prof. Bache, who liad shown that eddies around 
the top for the tower affected the distribution ofthe rainfall on the 
tower. Alexander Dallas Bache and Joseph Henry were intimately 
associated in tlieir scientific work as early as 3836 (and especially after 
Henry came to Washington, in 1S47), and the latter had adopted that 
which is now called Jevon's explanation, although as we have seen it 
was first given by Meikle, 1819, and subsequently independently ar- 
rived at  b many others. This theory was de6nitely adopted and dis- 
seminateiby Henr at  least as early as 1853 in connection with his 
instructions to Smittsonian observers. 

The essence of this explanation may be stated thus : I n  the case of 
ordinary rainfalls we invariabl have the air full  of large and small 
drops, including the finer psrticfes that constitute a drizzlin mist and 
the fra menta of drops that are broken up by spattering. Alftliese are 
descenting with various velocities which, according to Stokes, depend 
on their size and density and the viscous resistance of the air; the 
particles of hail desccnd even faster than drops of water and the flakes 
of snow descend slower than ordinary drops. Now when the wind 
strikes an  obstacle the deflected currents on all sides of the obstacle 
move past the latter more rapidly; therefore, the open mouth of the 
rain gage has above it an invisible layer of air whose horizontal motion 
is more rapid than that of the wind a little distance higher up. OfPhe 
falling raindrops the larger ones may descend with a rapidit sufficient 
to enetrate this swiftly moving layer, but the dower falbng drops 
w i i  be carried over to the leeward of the  age, and failing to enter 
it will miss being counted as rainfall, althou f they go on to the ground 
near by. Evidently the stronger the wind &e larger will be the pro- 
portion of small drops that are carried past the gage; or again, the larger 
the proportion of small drops and light flakes of snow that constitute a 
given shower, the more a gage will lose for a given velocity of the wind. 
I n  brief, the loss will depend both upon the velocity of the wind and 
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the velocity of the descent of the precipitation; therefore, a gage will in  
eneral catch less, in winter than in summer-less in a climate where 

fight, fine rains occur than where the rains are composed of larger, 
heavier drops; less in a country or in a season of strong winds than 01 
feeble winds; less when exposed to the full force of the wind by being 
elevated on a post than when exposed to the feebler winds near the 
ground. 

The action of the wind in blowing the reci itation over to the lee- 
ward of the gage depends on velocity ratter t f an  on the square of the 
velocity of the wind and of the raindrop, and it is aggravated by the 
formation of whirls or eddies within the gage itaelf by reaeon of which 
lightand dry snowflakes are even whirled out of the age after being 
once caught in it. Similar remarks a ply to the raingll on the top of 
a large square building with a flat or &pressed roof; not only does the 
top as a whole receive less than an equal area at the  ground, but the 
distribution of rainfall on the roof is such that the least rain falls on 
on the windward portion and the  most on the portion to leeward, while 
somewhere on the roof will be found a re ion whose average rainfall 
coincides with that on the round. But %e location of this region will 
vary with the direction an2 strength of the wind and the quality of the 
precipitation, so that we have but little assurance that any single rain 
gage on the roof will represent the rainfall on the ground. 

An interesting illustration of this action of the wind has been noted 
by me in the case of several mges established in a cluster in the sandy 
region at Kittyhawk, N. C. The gages sat on the ground; their mouths 
were 2 or 3 feet above the surface, and being cylindrical they offered 
considerable resistance to the wind. The wiudward gages caught lese 
rain than the leeward, but the also caught more sand, showin that 
the strong winds which carrieg the light raindrops on beyonf alsa 
stirred u the light surface sand and were just able to dro thesand into 
the winaward gages while carrying the rain on to the Peeward gage. 
I n  accordance with the preceding explanation all observations every- 
where show that the higher gages have the  larger deficit in rain catch 
and still larger deficits in the snow catch, and that both deficits increase 
with the wind. 

Mordecai states (Journal Franklin Institute, 1838, Vol. XXII, p. 37) 
that he arran ed his observations at  Frankfort Arsenal to show the 
rain catch at t%e &round and on the tower 62 feet high according to  
the force of the  wind as estimated by him on the scale 0 to 10 as used 
by him, and found the deficit of the tower gage to be 0 per cent for 
calms and light winds, but increasing steadily up to 36 per cent for a 
wind of force 8. 

Biirnstein (Met. Zeit. Oct. 1884) arrangFd the catch in protected and 
unprotected gages according to the velocity of the  wind, and for seven 
months of observation obtained the following deficite in millimeters, 
to which I add the same converted into percentages on the assumytion 
that the protected gage is practically equivalent to the pit gage. rhis 
aasumption, although it is not quite correct, will not greatly change our 
results : 

TABLE 1. 

86 flne ralns. 

zgf i Deficit. 

Unprotected gage. 

Catch. 1 Deficit. 1 Deflcit. 

0 
I 
8 
8 
4 

~ 

The distinction between the effect of the winds in  heavy rains and 
tine rains is very clearly brou h t  out by Biimstein’s classification of 
the catch on twenty-six days of 6ne rain and forty-three days of heavier 
rains; the percentages are as shown in the following table : 

TABLE 2. 

1 Per cant. Prr cent. .................. 4 a8 
6 8 %  

6 46 18 

6 17 2 5 2  

Mm. dfin. 
8.80 8.06 

!8.84 81.41 
40.40 Bs.80 
88.62 89.80 
48.46 80.57 
9.60 1.60 
1.76 1.88 

Mm. 
0.a  
6.90 
6.60 
6.73 
8.88 . 
1 
0.88 

Pa cant. 

8 
0 

18 
8 

40 
a .  

r 

Although all these preceding data, both by Mordecai and Biirnstein, 
are limited in guantity,. yet they conspire to show uniformly the same 
effect of the wind that IS shown in  an  exa erated scale when the ordi- 

.nary gage is used to catch snowfall. Sh%r resulte based on a some- 
REV-61 

what larger series of observations are ublished b Wild (Repertorium 
fur Met., Vol. IX), as shown in the foloaing Tabye 3, which gives the 
percentage of catch during the winter’s snow and summer’s rain aep 
arately for several altitudes and wind velocities : 

TABLE 3. 
~~ 

Altitude. 
Rainfall Snowfall Ralnfall Snowfall 1 (Apr.-Oct.). I (Nor.-Dec.).I (Apr.-Oot.).( (Jun.-Mar.). 

These tables conclusively show the large influence of the wind on 
the catch of the rain, to say nothing of ita influence on the catch of 
the snow. It is, therefore, evident that the annual rain Precipitation, 
as shown by gages at various heights, although always diminishing 
with the altitude, s i l l  diminish in different ratios according to the pe- 
culiarities of the precipitation and the wind in that localit . 

Without attemptin to go into special refinements it will {e sufficient 
for the resent to stuty the annual catch as recorded at numerous sta- 
tions. f have, therefore, in the following Table 4 arranged the results 
quoted by Wild (Repertorium Vol. IX,  1885,) and some others that 
have been published elsewhere. This table begins with the resultsof 
observations made at  low altitudes, and of these I have taken the aver- 
age of all observations made for four years at Calne, three years at 
Castleton, eight yews at  Rotherham, and ten ears at  St. Petersburg 
with gages of from 5 to 10 inches diameter. 1 have omitted the ob- 
servations for two years at Hawsker with 3-inch gages, because of the 
shortnessof the series and the smallness of the gage, which latter 
point has slightly exaggerated the percentage of loss. The combined 
result, therefore, for the 4 longer series is to show that for 
such size and construction as are generally used in the weather%%:: 
of the present day, and for the average wind and snow or rain that 
occurs at  these stations (which are in fact fair representatives of the 
northern portion of the temperate zone) the catch of rainfall dimin- 
isheswith height of gage, as shown by the percentage in the last 
column, and in which, of course, the catch of the normal pit gage is 
adopted as the standard. 

TABLE 4. 

No. ot 
years. i Altitude. 

Ai8&?8. 
0 
1 [ I  0 

11 
18 
18 
15 
15 
1 

81 
24 
85 
a7 
a7 
84 
86 

46 
40 

66 
70 

titi 

-- 
Relative 
catch. 

For ga es higher than 6 meters this table gives the results of the in- 
dividual Yocalities. If we consider the individual figures in the latter 
part of this table it would seem that the diminution of rainfall with 
elevation of gage is decided, but irregular; but it is proper to collect 
the data into a few mean values as shown in the fo lowing table, in 
which the last three groups may be considered to represent the aver- 
age conditions of the precipitation in the temperate zone quite as fairly 
aa do those of the lower altitudes : 

If we may assume that on the average of the years and of the local- 
ities thus grouped together there is a fairly uniform average quality of 
precipitation, we should expect the deficiency at each altitude to have 
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some definite relation to the velocity of the wind, and it emphasieer 
our conviction that the wind is the princi a1 factor in bringing aboui 
this deficit when we find that these normaPpercentages are fairly rep 
resented by the simple formula: Deficit=6 per cent of the squart 
root of the altitude expressed in meters, or 3.9 times the square rooi 
of the altitude expressed in feet.. The adoption of the simplt 
square root of the altitude is of course suggested by the well-knowr 
studies of Stephenson and Archibald, from which I infer that foi 
these low altitudes the square root is a satisfactory approximation t c  
the rate of increase of wind with altitude, while for much higher alti: 
tudes the one-fourth or other power might be preferable. The con, 
stant factor, 6 per cent, that enters this formula, will of course not be 
understood as applicable to other gages or velocities, or qualities oj 
precipitation than those included in the above table, but the clost 
agreement of the com uted ercentages of deficiency shows that we 
appear to be on the riggt tract, and that some method must be devised 
by which to free rainfall measures from the influence of the wind ai 
the mouth of the ga e. We see, in fact, that the simple wind gagt 
which we had trustes so long is liable to systematic error, nlmse mag 
nitude is really enormous as compared with the small errors that a t  
ordinarily investigate in connection with thermometers, barometers 
and anemometers. 

TABLE 5. 

Meters. Per cent. 

2 1 1  : I  ; I  1: Id : i +: 

I I I I I - 
ELIMINATION OF ERRORS DUE TO THE WIND. 

Two methods are open to us by which to eliminate this error of the 
rain gage. One is instrumental, the other observational. 

I & m n i u l  mst?mL~-As before mid, Professors Bache and Henry 
seem, from their own observations, to have clearly apprehended the 
nature of the error with which the gage is affected, and the latter wan 

uick to suggest the remed namely, to so construct a gage that it 
%all closely imitate the c o n k o n s  of the normal ex osure, or that of 
a gage whose mouth is on a level with the ground, an$ which is, there- 
fore, not covered over b the disturbing swift currents and eddies. 
The records of the Smitksonian show that Henry caused numerous 
experiments on this subject to be conducted after he and Espy, in 1848, 
inaugurated the Smithsonian system of meteorological observers. In 
the second volume of Henry’s collected writings, the reader can easily 
consult his discussion of the erroneous ex lanations and his own cor- 
rect explanation of the phenomenon, am! at  page 263 will be found 
Henry’s suggestion of “the shielded gage.” This shielded gage was 
an ordinary small cylindrical gage; a few inches below the mouth of 
this age a horizontal circular plate of tin 4 or 5 inches wide was sol- 
deref to it like the rim of an inverted hat; by this means he  hoped to 
ward off the disturbing eddies which would necessarily be formed 
almost who11 beneath the flat rim and therefore harmless. 

Although &enry’s shielded gage was described at least as early as 
1853, yet I have not found as yet any records of observations made 
with it, though such probably exist, as Henry’s suggestion was widely 
distributed among the Smithsonian observers. 

I n  1878 Professor Nipher, of St. Louis, published the first results of 
his observations with his own shielded gage, as independently invented 
by him. He  surrounds the upper portion of the gage by an umbelli- 
form screen made of wire gauze; the falling rain strikes on this and 
breaks up, and falls down to the round without s ttering into the 
mouth of the gage at the center, wh le  the gauze sugien t ly  breaks up 
the wind currents to maintain a normal condition of the air at  the 

.mouth of the gage. Nipher’s own experinients with this gage showed 
that its catch at a height of 118 feet above the ground was nearly the 
same as that of the ground gage itself. 

The invention of the shielded gage gives us the required instrumental 
solution of our problem. Of late years Bijrnstein, in Berlin, and Wild, 
in St. Petersburg, have experimented very la ely with Sipher’s 
shielded gage and have reported in its favor. H%mann, during 1887, 
also observed with a Nipher gage, and finds the effect of the shielding 
to be very favorable, but not so much so as to make it quite equal to 
the ground gage. . 

The good accomplished by the shields adopted by Henry or by Nipher 
can also be largely attained bya simple system of protection from wind. 
By “a protected gage” I mean an  ordinary gage whose mouth is a few 
feet above the ground and which is surrounded, at a distance of a few 

feet, b a fence or screen separate from the gage and whose top is a 
little stove the mouth of the gage. The rotecting fence is, therefore, 
so arranged that it diminishes the win{ at the mouth of the gage 
without itself introducing new and violent injurious eddies. Biirn- 
stein, Wild, and Hellmann have experimented with such protected 
ga ea, the protecting fence being so constructed that the angular alti- 
tu$e of the top of the fence as seen from themouthof the gage is 
between 20° and 30°. The catch of the gage thus protected alwa s 
exceeds that of the free ga e, so that the correction to reduce it to tze 
ground gage is comparative& quite small, the deficit being reduced from 
25 er cent down to 3 or 4. 

Zellmann has also made the followi‘n interesting experiment : The 
roof of the Academy of Architecture inserlin,  where the Royal Prue- 
sian Meteorological Institute is temporarily domiciled, covers about 50 
meters square, and is not merely flat, but depressed considerably below 
the rampart walls of the building. It., therefore, constitutes a grand 
protection to any gage laced near the center of the roof, and accord- 
ingly Hellmann finds tgat in this location gages catch more than any- 
where else on the roof or the ramparts, and but little less than a page 
on the ground. His conclusion is that the Nipher, or similar protecdon, 
caii nearly, but still only partly, annul the injurious influences of strong 
winds on the catch of the gage. 

The reduction or correction of rainfall for altitude as it  has hitherto 
been called, is, therefore, really a correction or reduchon of the readings 
of the rain gage for an instrumental error due to the wind. 

Ob8er.pr~aibonal 97~t?wd8.-As an observational method of obtaining the 
true rainfall from the gage reading, when it is im racticable to es- 
tablish a normal pit gage in a good location, or wRen it is desired 
to determine approximately the correction to be applied to past records 
obtained from a gape that still remaivs in the former place, the follow- 
ing arrangement offers a fair approximation: 

If the present gage has been standing in an open field at a few feet 
elevation, place two or more a h i h r  gage8 near it, and similarly located 
as far as obstacles sre concerned, except only that one of these is to be 
decidedly lower than the old one and the other decidedly higher. 
From a comparison of the simultaneous records of any two gapes and 
their altitudes, we should for each separate rainfall, rather than for 
the monthly and annual sums, deduce the normal rainfall by the 
solation of two or more equations of the form : 

Observed catch of gage = (1 --z 4 altitude) X (desired catch of nor- 
mal it gage). 

d e r e  2 is the unknown special coefficient of deficiency due to wind 
R t  that altitude. Having two gage catches, c1 and c, for the two alti- 
tudes ITI and H,, we may represent the true rainfall (23) by the formule: 

c ,= ( l - -ad /H, )  R 
% = ( l - x J H , )  R 

whence 

If c1 and H, relate to the lower gage we shall generally have c1 > c, and 
HI < H2 and the coefficient n will be a positive fraction, whose value 
is given in the following table for such combinations of units as may 
easily occur in practice. 

TABLE 6. 
Values of n. 

*ltltude 1 
of upper - 

Altitudes of lower gage. 

I gage* 1 1 8 8 I 4 I ,5 
- 1--1-1- I--I- 

If the present ga e be located upon the top of a building, perhaps 
the best that can %e done to study the accuracy of its records is to 
locate other similar gages so as to &et the average rainfall over the 
shole roof at  the same uniform altitude; the next best would be to 
astablish a standard protected or shielded gage as high as practicable 
xbove the roof. 

If a new observing station is to be started then a single shielded or 
protected gage is better than a single unprotected one; but two more 
~hielded gages at different altitudes afford the means of calculating the 
:orrection for wind which will, of course, be quite small for this style 
3f  gage. 

By the combination of records from widely separated rainfall sta- 
ions we ordinarily seek to determine the uniformity or irre ularity of 
rainfall as to ita geographical distribution. The study of %orieontal. 

VARIATIONS I N  GEOGRAPHICAL DISTRIBUTION OF RAINFALL. 
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TJum- 

years. alpitation. 

total an- Probable eror of an- 
Stations. Of nuai pre- una1 precipitation. I I lLverage I Probable error of 

mean of 49 yearn. 

-I- l-l- 1--1- I-- 

i ..................................... 
B ....................................... 
8 ..................................... 
4 
f 
7 .................................... 
8 ...................................... 
9 ..................................... 

io ...................................... 
13 ...................................... 
14 ...................................... 

Mean.. ........................... 

..................................... ....................................... 
11 14 z 

88i 6% 6 9  a ia 9 2 
86 8 1 

888 
496 492 
498 rn 14 IR a 1 
462 #Q 88 81 9 2 
488 m 88 9 9 2 
4m 588 49 18 13 a 
444 516 20 8 6 1 
499 l l 6  8 !2 0 a -__- -- ---- 
484 I 618 858 140 I ........ I ........ 

Thie conclusion is confirmed by examining the  records in the sum- 
mer months separately from those in the winter. Local showers are 
frequent during the summer and the irregularities in horizontal dis- 
tribution are presumptively greatest at  that time. During the winter 
the extended layers of clouds give us no a pGiori reason to expect large 
irregularities in the geogra hical distribution of snowfall and rain. 
Hellmann’s records show t f a t  the geographical irregularities in the 
catch of his gages is really leaat in summer and greatest in winter, 
thus confirming our convictions that on the average of the year the 
precipitation is uniformly distributed and the variations in catch de- 
pend on the irregular distribution of the wind at the mouths of the 

he eleven ages here selected from Hellmann’s data were unpro- 
tected and uniformly 1.07 meters above ground, and it is evident that 

during the fall of rain and snow. 

they would not have necessarily shown a similar discrepancy of 6 per- 
cent among themselves had they been placed at  some other altitude. 
As the absolute deficits of each gage increase like the wind with the 
square root of the altitude, so also should thea parent irregularities in 
geographical distribution. But this rule shoulf not be so far stretched 
as to assume that gages n t  the ground surface would therefore show no 
irregularities in th-e horizontal distribution of rain, the fact being that 
there is even for them an outstanding uncertainty of 2 per cent, which 
is the total combined effect of all the irregularities of measurement 
and the drifting of snow or rain. 

I n  eneral, then, we conclude that in the case of a number of gages, 
place3 within a few miles of each other, and of which we know noth- 
ing as to the height and exposure, except that in general the observere 
have laced thein in fairly open situations, there is no reason to give 
a pretrence to the reports of one gage rather than that of another, 
since if the observers are equally reliable the irregularities of catch 
are likely to far exceed the errors of careful observers. Again, the 
probable error of 6 per cent, due to unobserved and uncontrollable 
irregularities in the action of the wind on these ordinary cylindrical 
gages located 2.07 meters above the ground, indicates the utmost limit 
to which any attempt at  refinement in  drawing annual isohyetal lines 
should be carried at  present, at  least in climates such as that of Ber- 
lin, and until the data are corrected for wind effects. Finally, any 
attempt to deduce from such gages the relative rainfall over the forest, 
the cleared land, the hill and the  valley, can only be successful in so 
far as we make due allowance for the influence of the wind and the 
character of the precipitation. 

CHRONOLOQICAL VARIATIONS OF RAINFALL. 

What has just been said with regard to geographical distribution 
holds good e uall with regard to the chronological variations in rain- 
fall. Undou%ted$ there are years of large and of small precipitation, 
but if we anal ze these years we shall see that they differ, not only in 
the quantity, But at  the sairie time in the quality of the precipitation 
and in the force of the winds. Until we are able to correct the meas- 
ured rain or snow for the wind effect we must include this large source 
of uncertainty in the catalogue of errors to which our measurementa 
are sub’ect ; thus, in some years. there may be a heavy snowfall of 
very ligkt mow flakes falling during strong wind, and in spite of all 
our efforts to estimate we get too small a record. A ain, i f  we confine 
ourselves to the summer rains on1 namely, those kat directly deet 
the growth of plants, we shall fin2;hat in almost every long-continued 
seriea of observations at  any locality trees, houses, and other obstacles 
have gradually grown up in the neighborhood so that the average wind 
force at  the gage has undergone a steady progressive diminution and 
the gage, therefore, catches a larger percentage at  the close of the series 
than at t h e  beginning, unless the obstacles were always so near as to 
shelter the gages. I have computed the departure of each annual total 
precipitation (rain and snow) from the mean of forty-six yearn at  Fort 
Leavenworth, Kana. (usin post-surgeon’s record only); of twent -two 
years at  Spiceland, Ind. gbservations by H. R. Dawson), and forty- 
two years at Washington, D. C. (observations at the Naval Observa- 
tory). From the mean of these departures it is easy to compute the 
so-called probable error or departure for any one year, or the index of 
variability of annual precipitation. The results are given in the accom- 
panying Table 8, and are interpreted in the following paragraph : 

TABLE 8. 

Leavenworth ...... 8.8 

...... ag. 48 o. 74 
.......... 

The mean annual catch at  the Fort Leavenworth gage is 39.48inche8, as 
given by forty-six years of observations, which, however, differ among 
themselves from year to year so much that it is an even chance that 
the catch of any one year will differ from this mean by more or less 
than 18 per cent of its value, or by 6.02 inches; this 18 per cent is in 
part due to actual irregularities in rainfall, and in part to the variable 
effect of the wind and the irregular proportions of snow and rain; the 
actual rainfall is larger than this catch by an unknown amount depend- 
ing on the character of the precipitation and the strength of the wind 
at  mouth of the gage. 

It is, therefore, evident that any conclusion as to a change of climate 
during these years involving quantities less than the probable errors 
of the mean rainfall must be entirely illusory. 

RECOPPEIDATIOHB. 

Our study of the rain gage and its errors would have a melan- 
choly conclusion, did it not afford us some suggestiQn 88 to the proper 
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methods of determining and allowing for these errors. I n  view of 
our present knowledge we now see that in establishing new stations 
better methods of ex osure should be adopted, and such aa are in fact 
very different from t i m e  that have hitherto been considered allow- 
able. We must closely imitate the conditions prevailing at the aver- 
age surface of the ground, that is to say, in the order of preference the 
exposure would be: (1) the pit gage; (2) the protected or the shielded 
age near the ground; (3) several r t e c t e d  or shielded gages distri- 

futed over a flat roof; (4) the shiel ed page on posts considerably ele- 
vated above slanting roofs. Moreover, in no case should a single page 
be relied upon, but in all cases at least twosimilsr gages at very differ- 
en t  heights should be observed. From the records of these two gages 
we can compute the catch of the normal pit gage by the formula pre- 
viousl given. 
As &is formula is also applicable to the ordinary, and in fact to any 

form of gage, we furthermore see that an approximate correction, 
needed to reduce valuable t records to the normal ga e, may now 
be determined, if these o l g g e s  are still being recordex by at once 
establishin near them two or more similar gages at  considerably dif- 
ferent he ih t s ;  from the records of all these gages for the nest few 
years we may determine, at  least ap roximately, a correction a plicable 
to the past years of historical recoras. Finally, we are warnei against 
attempting to draw from pant records conclusions that are finer than 
the data will justify. 

METEOROLOGY BY THE LABORATORY METHOD. 

The November number of Popular Astronomy contains the 
following admirable article on the teaching of astronomy, 
which applies equally well to meteorology and is to be com- 
mended to all teachers and students. 

If  by the laboratory method is meant such observation and investi- 
gation of selected phenomena bertainin to any subject as shall yield 
to the student an abundance o! essentia facta-if it mean that from 
the many such related facts reasonable explanations of these phe- 
nomena may be expected from the student who thinks simply and 
logically-if it  be a manner of so presenting a subject through its 
phenomena to the mind of a student that he may reach out toward 
conclusions of a general nature, to the principles and laws which per- 
tain to that subject, as a direct sequence of his own observations and 
thought processes-if these be the aims of laboratory methods of teach- 
ing, then astronomy [and meteorology] may be thus taught, and de- 
mands such manner of presentation to the students of our secondary 
schools. 

It is far from our urpose to pose as an instructor in pedagogy, or to 
enter upon any psycgological discussion whatsoever. Yet i t  were par- 
donable, surely, to restate as a cardinal principle of edncational work 
that mental growth results only from mind activity rightly directed. 
As the highest and best of the physical being demands that every 
muscle have its exercise and development, so the mind in its every 
ca city is to be exercised. 

t;8ne stage in the development of the science of education was con- 
tent to have the student memorize the words of the text regardless of 
any full comprehension of the thought expressed therein. It was a 
great step in advance when mastery of the  thought of the author was 
made of prime importance, and the expression of that thought in the 
words of the student himself WRS encouraged or required. There re- 
mained a single step further, and with many a teacher it has yet to be 
taken in the full round of the science work, the repuirmieni OJ w i g i n d  
thought from tlra ntudsnt as well an original expression of thought. To 
require of students in our secondary schools in stud of any science 
nothing further than mastery of the thought of an anttor as expressed 
in the text book is neither the most complete nor the most profitable 
mental activity. 

Allowing that we have in books veritable storehouses of the riches 
of ages of human experience, thoughts that are profound, 1ang.uage 
that is grand, thought expressions to whosede thsand to whose heights 
we may scarcely hope to attain, expressions tRat may t a r  to the utter- 
most our endeavors of a lifetime to rethink them, humble trdvelersas 
we are over well marked mental highways and byways-allowing all 
this, it  is contended that the great maas of books put into the hands of 
our students are not of thin character, and that the writers of modern 
text-books for secondary schools are few who seek to do other than to 
put before the student in the simplest, most elementary manner pos- 
sible the facts of the subject treated. It is the facts themselves and 
the manner in which they are presented that is of prime importance. 
Any course in science that stops short of requiring original thinking b 
the student, thinking that is based upon facts that are leavened througi 
and through with the results of personal observation and investiga- 
tion must needs be comparatively barren of mental growth and vigor. 

The logical result of such views is to regard the text-book in science 
88 a reference book in simple compact form, furnishing what shall be 
needed to supplement the resulta of the student’s own efforts in obser- 

vation and though- reference book differin not a whit in purpose 
from the other reference books found in any we 1 appointed laboratory 
save in its larger use and that il zk tlra 6tudsnte’ pwn. 

Happily the day was soon past when the science student of our sec- 
ondary schools waa looked upon as a discoverer, as one who by his un- 
aided efforts was to reestablish the laws, principles and theories of the 
subject he pursued and all this as a result of his own investlgations. 
the story of Agassiz. his student and the fish, waa made to teach re- 
posterous lessons. I n  most of the  sciencee the  limits of originarin- 
vestigation are well defined, the need and use of text and reference 
books well established in supplementing laboratory work. In astron- 
omy [and meteorology], however, oldest of the sciences, science of the 
material universe, the student is too often expected tu know nothing 
~ a v e  what his author tells him, to cultivate no mental powers in its 
study save the taxing of an already over burdened memory; or, at 
most, his powers are taxed in makin out what the  author means in 
his text, and through theexercise of t ie  imagination in picturing what 
the author describes as existing. 

I n  any attem t to appl the laboratory method to the teaching of 
astronomy [an$ meteoror0 y] there is the same necessityss in the 
other sciences that no time%e wasted upon comparatively unimportant 
phenomena; that observation shall be 80 carefully directed as to readily 
acquire the desired facta; and that these results shall, be so related as 
to make generalization possible. That there are difficulties in the wa 
is true, but they may largely be included under these heads: (1) A f a i l  
ure on the part of many teachers to appreciate the fact that although 
many of the phenomena of astronomical [and meteorolo ical] science 
re uire apparatus too expensive and too complicated to %e available, 
an8 althou h many of the conclusions arereachod through reasoning too 
abstract t o l e  withinthecomprehensionof thestudentsto beinstructed- 
there still is wide range for observation and inference fully within the 
comprehension of pupils of high school grade : (2) The text-books in 
astronomy [and meteorology with but an exception or two, not only 
tell all the facts that the stuient can easily acquire for himself under 
direction as well as those beyond the ran e of his ability and oppor- 
tunity but, withal, their pages are crowde! with read made inferences 
from these facts, makin it wholly unnecessary for t i e  pupil to do any 
thinking himself bey on! that involved in language interpretation. He 
may study astronomy and complete his course, but still has no more 
knowled e of the relation of his work to celestial phenomena than one 
who stufies the bookkeeping of the high school instead of the actual 
business conditions it is s u p y d  to exhibit. Science teaching in any 
grade of school work shou d surely not make memory and imagina- 
tion a first consideration-observation and thinking asecondary matter. 

When teachers of aatronomy [and meteorology shall be content no 

that of the generally recognized laboratory sciences, and shall demand 
for laboratory reference text books that are filled with facts clearly 
and logically arranged, and having terse statements of the theories 
advanced therefrom, together with such descri tions and explanntione 
as are be ond the ability of the average s t u z n t  for whom they are 
written, <ut which at the same time are free of all such matter as may 
pro erly be required of students as the result of their own observation 
an$thinking-when teacbers shall demand that guides and manuals 
for the study of astronomy [and meteorology] shall be furnished even 
aa in physics and in chemistry, to the end that like princi lee of in- 
struction and of laborator procedure may be ap lied to all ailre-then, 
and not till then, will pu&ishers come to the reief of such teachers as 
already seek to secure in the teaching of astronomy [and meteorology] 
in secondary schools the fullness of ita possibilities for mental devel- 
opment, even as with other sciences, in addition to its value otherwise 
so fully recognized. 

longer to instruct in this scienceupon abasia 6.0 r ail icallydifferent from 

-- 
THEl RECURVING OF HURRICJANE TRAUKS IN TEE 

NORTH ATLANTIC. 
The Pilot Chart for November, published by the United 

States Hydrographic Office, gives a diagram showing the path 
followed by the centers of twenty-five tropical cyclonic storms 
in the North Atlantic Ocean during the ten years, 1890-99. 
Concerning these Mr. James Page, of that office, makes the 
following remarks: 

Of these storms Nos. Band 9 each pnrsued a course trending between 
north and west, the former crossing Florida into the Gulf of Mexico, 
the latter d i m r i n g  over the mainland in thevicinity of Charleston. 
The course of os. 10 and 16 was in a northeasterly direction through- 
out, although it is robable that the complete history of these storms 
would show an earfier movement toward the northwest. The absence 
of observations, however, precludes in either case any attem t to r e p  
resent this earlier portion of the track. No. 20 followed an ormost due 
northerly course, keeping well under the coast, and No. 21, althou h 
the barometric de ression accompanying the storm originated in tis 
Gulf of Mexico, Ailed to attain full hurricane violence until reaching 
the position indicated. 


